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A B S T R A C T Objective
To investigate the prevalence and establish the profile of the consumption of dietary supplements among Brazilian athletes.
Methods
A total of 182 athletes of both genders from 20 different sports participated in this study. The athletes answered a questionnaire containing sociodemographic and sports-related questions and were interviewed about the consumption of dietary supplements.
Results
Forty seven percent of athletes reported having consumed at least one type of dietary supplement and 38% said they use more than three different types of supplements concurrently. Whey protein was the most commonly
I N T R O D U C T I O N
According to the Dietary Supplement Health and Education Act (DSHEA) of 1994, dietary supplements are products intended to supplement the diet and contain vitamins, minerals, herbs, amino acids, enzymes, and metabolites. They can be found in many forms such as tablets, capsules, soft gels, gel caps, powders, or liquids [1].
These products are frequently consumed by athletes [2, 3] . The most frequently mentioned reasons given by athletes for the use of dietary supplements include increase in energy and strength, improvement in performance, maintenance or enhancement of overall health and the immune system, prevention of nutritional deficiencies, and also to speed injury recovery [4] [5] [6] [7] . Aiming at obtaining these results, the most commonly consumed dietary supplements by this population are sports drinks, multivitamins and minerals, proteins, and amino acids [8] .
However, aspects such as regulations, safety, and efficacy are of extreme importance for the choice of dietary supplements by professionals who recommend their use or by consumers. Dietary supplement use is a risk factor for illicit substance use [9] , and they are associated with the risk of the so-called inadvertent doping since there may be positive results due to the contamination of their ingredients [10] . Another important aspect is that the effectiveness of several supplements on the market is controversial Revista de Nutrição https://doi.org/10.1590/1678-98652017000200002 and questionable [11, 12] . Their use should be recommended only by a qualified professional in specific circumstances, especially when there is restriction of energy or food intake [11] .
Despite the growing concerns about harmful consequences on health and physical performance or risk of doping among athletes, the use of supplements in the sports world has increased with prevalence ranging from 37.5% to 98.0% among athletes [13, 14] , and elite athletes are the main consumers [15, 16] . Moreover, most of them take more than one supplement daily [4, 6] , and their family, coach, friends, and the Internet are their main sources for supplement choice [6, 17, 18] .
Although there are several studies on the prevalence of dietary supplement use among athletes from different sports [2, 5, 8] , there are few data regarding its use by Brazilian athletes [19, 20] . National studies have investigated dietary supplementation practices among gym users [21] , which may be different from the use patterns of athletes. Furthermore, few studies on athletes focus on issues related to the training volume, type of sport, and preparatory training phase. In addition, most of the studies available were carried out in developed countries, and thus they may not reflect Brazilian athletes' reality.
Considering the current participation of Brazil in the major sports events from around the world, it is important to know the patterns of dietary supplement use among professional athletes in order to propose specific interventions aimed at avoiding unnecessary and indiscriminate use of these products and promoting the development of elite sport in the country.
Therefore, the objectives of this study were: (a) to investigate the prevalence of dietary supplements use among Brazilian athletes; (b) to establish the profile of the consumption of these supplements including the reasons for use, types of supplements consumed, and source of information athletes seek. Data were collected via a self-administered questionnaire containing three different sections: 1) Biometric characteristics (gender and age); 2) Training characteristics (sport type, preparatory phase, and training volume); and 3) Use of dietary supplements (types of supplements, reasons for use, source of information, factors influencing the choice, and amount of supplements consumed). To confirm the accuracy of the dietary supplement questionnaire, a 24-hour dietary recall interview was conducted on two non-consecutive days in the same week the questionnaire was administered. The agreement between the two methods was measured using the Kappa coefficient, which was found to be satisfactory (0.72). The present study adopted the definition of dietary supplements according to the Dietary Supplement Health and Education Act [1] and Kreider et al. [22] . For the purposes of this study, federated athletes are those who belong to a sports federation of a given sport, and the preparatory phase is the training phase before competitions.
M E T H O D S
Body weight and height were measured using a scale with 100g resolution and a portable stadiometer with a precision of 0.1cm, respectively, while the athletes were wearing light clothing and no shoes. Body Mass Index (BMI) was determined according to the World Health Organization (WHO) [23] 
R E S U L T S
The questionnaire showed that 86 out of the 182 athletes (47.3%) evaluated used dietary supplements. Among the athletes who consumed dietary supplements, 70.0% were aged 25-29 years. A total of 37 types of dietary supplements were reported, with an average intake of 3.0±2.5 supplements per athlete (ranging from 1 to 12). Table 1 shows the main characteristics of the study participants. Table 2 shows the amount and types of dietary supplements mentioned by the athletes. Figure 1A indicates the four most commonly Figure 1B ).
The main recommendation and information sources were coaches, dietitians, physical educators, and friends ( Figure 1C) . A considerable proportion of athletes (16.3%) reported that they consumed dietary supplements on their own. The main factors influencing the decisions to buy these supplements included proved efficacy, price, and absence of adverse effects ( Figure 1D ). Among the athletes who consumed dietary supplements, 61.6% reported consuming 1 to 2 supplements daily, 23.3% consumed 3 to 4 supplements, and 15.1% consumed five or more supplements Table 3 shows that the consumption of whey protein and glutamine was different between the different sports, and the athletes in individual sports were the greatest consumers. There was a significant difference between the preparatory phase and the consumption of maltodextrin and glutamine. There was a significant difference between individual sports and the reason 'improve health'. Athletes in individual sports were more likely to seek advice about using supplements from their coaches. In the competitive phase, physical educators seem to be the main sources of information; during the rest phase, dietitians were the most sought after professionals by the athletes, and they were the only source of information for the athletes undertaking highvolume training, as shown in Table 4 . There was an association between high-training volume and getting advice from friends. Concomitant use of four dietary supplements was more common among athletes in individual sports.
D I S C U S S I O N
The present study is one of the few studies carried out in Brazil addressing the profile of [12, 17] .
One third of the sample was composed of adolescent athletes, which may have influenced the prevalence of consumption in this study, consistent with the findings of McDowall's [13] , who found lower prevalence of consumption of dietary supplement in this age group. Other factors related to the different methodologies (type of instruments) used, such as the definition that athletes have sought supplements with proved efficacy, a finding similar to that reported by Lun et al. [7] .
The results obtained in present study differ from many others that have found that vitamins, minerals, and/or multivitamin/minerals were the most frequently consumed supplements among athletes [2, 5, 6, 8, 17] . Although 17.5% and 23.3% of the athletes investigated consumed minerals and vitamins, respectively, these supplements were not included in the list of the four most frequently used supplements. Other studies with Brazilian athletes have shown that the pattern of dietary supplement use is controversial, and they reported that multivitamin/mineral supplements [24] and maltodextrin [20] were the most frequently consumed. The difference between their findings and ours may be related to the fact that some athletes do not consider multivitamins, vitamins, minerals, and/or sports drinks as dietary supplements [14] . of dietary supplements, the particular time period of consumption, and the different sports evaluated, may also explain the variation in the prevalence of dietary consumption among the different studies. However, our findings and those available in the literature show that dietary supplementation is a frequent practice among professional athletes across a range of sports [13] .
In the present study, the most frequently used supplements by the athletes were whey protein, BCAA, maltodextrin, and glutamine. According to Kreider et al. [22] , dietary supplements can be classified according to their efficacy and safety, and whey protein and maltodextrin are considered to be apparently effective and safe supplements for muscle growth and performance improvement, respectively. BCAA is also considered effective in promoting muscle mass increase and performance improvement. However, glutamine is considered to be apparently ineffective. Our results suggest Another hypothesis is the motivation for supplement consumption. In the studies that found that vitamin and mineral supplements were the most frequently mentioned supplements, the main reason for consumption was health related [5, 15] . In the present study, the major motives for supplement use among athletes were to improve performance (78.0%) and increase lean mass (47.7%). These findings can partly explain why we found that whey protein was the most commonly consumed supplement, in agreement with the findings reported by Wiens et al. [3] , Sundgot-Borgen et al. [12] , and Giannopoulou et al. [16] .
It is worth highlighting that the use of dietary supplements related to health issues may indicate that athletes do not believe that their regular diet provides the nutrient level that is sufficient to meet their daily nutritional needs [5] . In the present study, the most frequent reason mentioned by the athletes who are not supplement users was that there was no need for supplementation. These findings corroborate those of other studies, Rodek et al. [18] and Nieper [25] . Lack of knowledge was another reason for not consuming supplements, which is in agreement with previous studies that found that the greater the knowledge of supplementation the more willing the athlete is to use supplements [2].
Consistent with the results of other studies [8, 12, 16] , we found that coaches are the primary source supplement recommendation for most athletes, and dietitians were their second main source of information, corroborating the findings among Saudi Arabian athletes [26] and Brazilian cyclists [20] . However, in most studies cited here, dietitians are not among the main three information sources [5] [6] [7] 18] .
With regard to the type of sports, our findings corroborate those reported by Giannopoulou et al. [16] , who found that individual athletes consumed more supplements. According to Suzic Lazic et al. [27] and Bishop [28] , a possible reason is that even a small advantage can make a difference in individual sport outcomes, unlike team sports, in which individual performance often does not reflect the performance of the team. Therefore, supplement intake is expected to be higher among athletes in individual sports. In the present study, 16.3% of the athletes reported seeking information for themselves, which is consistent with the results of a previous study carried out with Japanese and Korean judoists, and many athletes consider price more important than product efficacy. These two findings indicate that economic factors can influence the choice of supplements by athletes.
Although supplementation may imply high monthly costs, the average supplement intake per athlete was 3.0±2.5, as reported in the literature [29] . Multiple supplementation practice, i.e., the concomitant use of five or more supplements was observed in 15.3% of the athletes evaluated and was higher among athletes in individual sports. It is noteworthy that the two most frequently consumed supplements (whey protein and BCAA) have the same purpose, i.e., both are muscle building supplements. This shows that unnecessary multiple supplementation practice could be avoided if athletes sought guidance from a qualified professional.
One of the great risks of taking dietary supplements without proper guidance is positive doping. Several studies with professional athletes have reported that the use of dietary supplements is an initial step towards the use of illegal performance-enhancing drugs (or "doping") and/or for illicit substance use [10, 30] . Backhouse et al. [10] found that "doping" use was threeand-a-half times more prevalent in dietary supplement users compared with nonusers.
To our knowledge, this is one of the first studies carried out in Brazil with athletes from different sports. The present study also analyzed dietary data regarding supplement consumption, establishing a profile of the consumption of these products. However, the present study showed some limitations. The first one is related to the cross-sectional design, which allows the research to make associations between events only, preventing cause-and-effect inferences. The definition of dietary supplement is another limiting factor since it may make comparison between studies difficult. Furthermore, the questionnaire may not reflect the reality of the participants, leading to under-and overestimates; however, this type of instrument has been widely used in studies in this field [2, 8] . Kappa coefficient of 0.72 indicated a strong agreement between the two methods used to evaluate dietary supplement use: the questionnaire and the 24-hour dietary recall interview, which was conducted on two non-consecutive days in the same week the questionnaire was administered.
The results of this study point to the need for nutritional education among coaches and athletes. It is expected that professional experience and the relationship between the coach and the athlete are factors of great influence on dietary supplement use. However, it is very important to consider that many coaches do not have enough knowledge to give advice or recommend diets and use of supplements [30] , which actually should be done by qualified professionals. If on the one hand, dietary supplementation may benefit mainly athletes undertaking physical training with high energy requirements or that have pre-existing nutritional deficiencies and hyper-or hypocaloric diets, on the other hand, the concomitant use of several supplements may lead to drug-nutrient or nutrient-nutrient interactions, and thus can be harmful to athletes' health or affect their performance in the short, medium, or long term [25] . Therefore, our findings reinforce the importance of the presence of a professional who hold a sports nutrition certification and thus can develop personalized dietary strategies that meet the needs of the athletes, while considering efficacy aspects, the risk and benefits of these supplements to their health, and the risk of a positive doping test. It is worth mentioning that many Brazilian athletes or sports clubs cannot afford to have a qualified professional on their own or as part of their staff, respectively. In these cases, a consultant dietitian should be hired to train and educate coaches and athletes, without incurring costs associated with a specialized technical staff.
C O N C L U S I O N
The present study showed that a large proportion of the athletes evaluated use dietary supplements following their coaches' recommendation. The most frequently mentioned reasons for the consumption of supplements were to improve performance and increase lean mass. Therefore, we believe there is an association between these most common purposes and the fact that whey protein was the most commonly consumed supplement since it promotes muscle growth. The consumption profile also revealed multiple supplementation practice and demonstrated that nutritional education is essential for this specific population. 
R E F E R E N C E S

